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EXECUIIVE SUMMARY

Permeability is the ability of a porous medir-un to transndt fluid. For

thls study the porous medir:m is asphalt concrete hot mixes and the fluid is

air or water.

Ttris study concluded that penneabilities can be obtalned such that a

general comparison between various asphalt mjxes is achieved. Ilowever, the

attempts to determine r,fiich mix variables significantly change permeability

were not conclusive because of the slmplicity of the testing equiprnent and the

complex nature of asphalt concrete hot rnixes.

Also, this project was able to establish a range of permeabilities for

the Arkansas asphalt sr,rrface and binder conrses tested. Accepted permeabllity

standards as suggested by the available literature are presente<i relative to

this range of perneabililies.
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Chapter I

I NTFODUCT I DN

One of t-he trrlmary troncerng in desiqning and

tronstructing civil engineering structures 1E the negative

inf luence of water. tiihether the concern is with t_he

pressure caused by a head o{ water, erosion, corrosion,

lreeze/thaw cycles or gaturation of the construction

material, the one comrnon ingredient is water. To avoid or

deter deterioration cauEed by water at least one of the

{ol lowing three al ter-natives mu=t be recoqnized and

provrded.

I . ShieId the structure or material f r-orn the water-.

Z. Provide an escape for the water or allow the water

accesE and then an easy exit.

3, Accept the deterioration and provide the proper

precautions.

understanding how each of the above alternatives functions

as a deterrent or a solution to the deterioration caused by

the presence of water requires knowledge of permeability

for the civil engineering structure and/or construction

material.

Permeabilj.ty is the ability of a porous median to

transmit f1uid. For thiE study the porous median is

asphal t trEncrete hot mixes and the { luid i.s air andlor

water, The presence of wat-er at the surf ase o{ the a=pha 1f_

1



pavetnent- reiuce= the avsi iabie sl-<rci rEsiEtance, Skrc

re=istance can be enhanced by allowinq rarnfall to =hed

f rcrrn the psveorEnt sur-+atre aE Ouick 1y as troEErble. A very

permeable surface provrdes such drainage. On the other

lrand , watEr tr--rtrtred wr thin an aspha I t Favernen t promotes

=l-ripping. A low permeable asphalt pavement =urface Laver

inhibits moisf-ure {rom enterrng the pavernent structur-e and

thus deters striFtrinq. In order to better understand how

l-c rmprove =kid ra=istance without increasing the potential

*or strippinqt one rnust study the perrneability of the

a=pha I f- rni xes and the p€vemen t struc ture. The ob j ec tives o{

this study were to:

Deterrnine the permeability o{ the various type= sf

aspha 1 t mi xeE .

Determine which mix variables =ignificantly trhange

the permeabi 1i. ty.

Correlate permeability to stripping test results.

Determine acceptable permeability standards.

The approatrh u=ed to meet these objectives con=i=ted o{

performing e Iiterature review, constructing ai.r and water

permeability apparatu= and determining the permeability

of asphalt mixes in the laboratory and on the asphalt

pavement in the fie1d. In conjunction with perforrning

these task= other pertinent information needed for the

praper evaluation waB obtained.

2



Chapter I I

L I TERATURE REV I EI{

The perrneability oi an astrhalt concrete mixture can be

def j.ned aE l-ne deqree tr-r which the asphal t concrete mixture

wr 1 i a1 iaw I rqu:.cj to { law through. For this study the i low

of both air and water through asphalt troncrete was

inve=tigat-ed. This chatrter contains discussions on the

theory oi trermeabi 1 i ty, t-he various consti tuen ts of an

asphalt concrete rnixture and their influence on

permeabilitv, and the rEsLrlts of previous investigations,

Theory of Permeability

Darcy , j.n 1B5O , deve l oped the f undarnen ta I theory of

trer-meability for soil by establi=hing a relation=hip in

which the rate of flow is directly proportienai to the

hydraulic gradient and area.

G = k(Sh/LlA = kirA

where:

G = rate o{ diEcharge through the soil

k = coefficient of permeabi I ity

fl = total cross-sectional area

(6h/L) = ir = hydraulic gradient, which is the loss

of hydraulic head per unit di=tance of fIow.

The hydraulic head is equal to the pre=Eure

3



head piu= tnE

ve i oc r ty heacj

qillreticrnq 1--

nrpqF-r l rF rnrl

eievatrurfi head, Tne

tnr-ough tne =or I 1n rnost f low

neg i iE:'bie as compared to the

e I eva t ron heads .

This relationship known as Darcy's 1aw is only valid if the

{ai lowrng agsumptrons are made:

I . hornogeneous porous material ,

?. continuous. saturated, two dimensional fIow,

3 . homog en ous f I ow rned i urn !

4, steady state f 1ow conditions,

5. no change in voids of porous material,

6. incompreEsi b 1e f l ow med iurn, and

7, larninar flow.

The velocrty for which the rate of discharge, G. is

egtabii=hed is termed discharge velocity. V.

V=G/A

where:

V = discharge velocity

A = rate of discharge through the soil

A = cross-sectional area rneasured perpendicular

to the {Iow

4



Darcy s Iaw states that

f lurd { iowing tnrough por'-ous

condrtions. is protrortionai

preEEure causinq the f1ow.

the viscosity of the fluid

V = Y:.i=/v

where:

j.=

6h

tne discharge velocity o+ a

qranu l ar rned ia, under s tedcy

to the extress hydrostatrs

and inversely proportional to

(1).

V = discharge velocity

f:. = absolute permeability

p = dynamic viscosity of the fluid medium

= P/L = pressure gradient, the pressure

difference per unit length along the

f Iow I ines

P 6hBg

r. pressure

Ioss o{

difference

end

where:

hyd rau L ic head

B = unit v+eight of f iuid

S = atrceleration due to gravity

and as previousty defined

ir = 6h/L

then

ia = ir'Bg

and

5



V = i.iirBq,,Ll

Pi. B, g and u are ai 1 trDnstanL f or a qlven f lujd at

ternpereture, t, theref ore putting the ran-=tanl-= togetner

gives:

t< = kitsq/U

where:

k = coefficient of perrnEabrlit-y

As can be Eeen in the above equations the coefficient of

permeabi I ity, k, ts dependent upon the particular

properties of the fluid.

In dimensions, abEolute permeability corresponds to an

aree. The absolute permeability is only influenced bV the

geometry of that given erea. Seepage problerns found in

civil engineering deal with the flow o{ water where unit

weight- and viscosity o{ water remain fairly csnstant.

Because o{ this the coef f icient o{ per-meabi l ity ha= been

the more accepted {orm of reporting the degree to which a

=tructure or material is permeable. According to

I'lcLaughl in and Eoetz tZ) the coef f icient of permeabi l ity i=

related to the absolute permeability by the {olIowing:

k = K.B/tt

where:

fi. = absolute permeabi 1i ty ( crn= )

B = unit weight o{ the fluid (gm/cm=)

U = vi=cc=i ty of t-he f luid { gm-=ec /cmi 1

k = coefficient of permeability (cm,/=ec)

6



The coefficrent o{ perrneabriity, k, 1s not a conEtant

becar:=e it is dependent on the prapertres of tne porous

materral and the protrerties o{ the fluid. The vaLue ol

the absolute permeability, 1.., i= independent of the

trrc,Fertie= nf the {1uid. Eecause air and water have

different phy=icaI properties and both were used as the

ilow median in this study, as weLl as in previous studies,

(abEslute) perrneability, K, was selected {or cornparison in

cietermining the degree o{ permeability lor a porous

material (asphalt concrete).

In{ luence of Flix Variables

As stated by Ford and t"lcNilliarn= (1), several factors

in{ luence permeab:. I ity. These are partic le size

distribution, particle shatre, moi.ecular composition of the

aspha 1 t cernen t, voids, degree of saturation , nature of

the flow median, type of flow, end temperature. Aggregat_e

size and shape as well as the molecular compositisn o{ the

asphalt cernent are tronstant lor the given materials and

gradation al the asphalt pavement rnixture. The void= and

degree of saturation tran vary depending on the orientation

and type of placement o{ the rnaterials. Although the

physical characteristics of the fluid and the temperature

do not direct-1y iniluence pErmeabi l ity each plays a vital

7



role in determininq the ira,lnrtude o{ permeabrirt',, by

s*{ecting the flow o* the fluid.

Ford and l"lcWil1rams (1) aI=o stated that the

Fer-meabiirtv o{ an asphait pavement mrxtur-e is influenced

hv the aqqreqat-e eradetion ! maxirnum =ize of the aggregate,

and how the various slzes are distributed within the

irix tr-rr-e. Each of these have an ef f ec t on the si. ze anci

nunber- cf voids present, For the most partr permeability

decreases a= the voids decrease in an asphalt mixture.

However. al1 of the rnaterials which comprise an asphalt

rnirture should be considered. For a given gradatron a

particular permeabiiity tran be achieved i+ pore =ize and

tota I pore vo l urne are tronstan t.

Hudson and Davis (3) concurred with Ford and

MctrJi i I rarns by stating that perrneabi I i ty of a bi tuminous

mixture is more dependent on pore size than on the volume

o{ the voids in the compacted aggregate. Ag proc{ of their

statment Hudson and Davis showed that fines compacted to a

VMA of 30 to 35 pertrent would be considerably less

permeable than a well graded troarse aggregate compacted to

a Vl'tA of l? to 15 percent.

The shape of the different materials in the asphalt

concrete mixture influences Ferrneability. Elongated o!-

irregular particles create flow paths which are rnore

8



tor-tucu= than tha=e ':reetEci by Ephprrcal-=haped r,: r {- i r 'l 
=e

throuqh tneThrs tend= to redutrE t-he vErtir:ai rate a{ i low

aEphe I t tranc r-ete ini x tur-e .

Alsn de=cribeci bv Fard and i"lct,Jilliams (i) the

rncletrular trrrintra=1t1cn ,--{ the asphai t trernentr typical l'y

unknown, afiects perrneability. Different types of

rnoiecular structure and ionic charges attract and hold on

to varying tnicknesEes o+ the flow rnediumr particularly

water, and tronsequently changes the effective pore size.

Cornpaction affects perrneability. The degree of

trompatr tion F I ays e ro 1e in the si ze and nurnber

of voids pre=ent and hence the permeability o{ the

materj.al, A1so, air trapped in the asphalt troncrete rnay

inhibit flow by rloqging the flow paths. t{hen air is

presen t perrneabi 1 i tv dec reases ,

Density, dynamic viscosity and ternperature oi the

peremeating fluid af{ect the perrneabilitv. The e{{ects of

these propErties are accounted {or r^rhen determining

permeability, K. However, as stated previously, these

effects are general Iy not accounted for when caiculating

the coefficient of perrneahility, k, using the conventional

soil permeability equations. These equations assume a

trDnstant fiow medium water.

9



Past Investigations

l9cLauq I in and Goetz in 1?55 ( 2 ) . hyp,:the=:zec t_irat

using permeabi 1 i ty g ives a better rnea=ure r:f durabr i i ty

than usr-ng void content aIone. Permeabi l ity, in the:.r-

opinion , can be used to measure the capac 1ty il+ a porous

mediurn to transrnrt f lurd, whereas the norrnaL rneasurE usine

voids r.n a bi tuminous mi:< t-ure doeg not d i re= {-- 1y meagure i-he

{orces producing disintergration.

Mcl-aughlrn and Goetz, after comparing water and air

perrneabi. 1ity, opted to uEe air permeability to do their

investigation, The trDmparison al air and water

perrneabi l it-y developed by t"lcLaughl in and Goetz i= present_ed

in Figure 1. As could be anticipated a one to one

relatronship was e=tabI ished.

The result= of the lYclaughlin and lfoetz study arE

pre=ented in Figures 7t 3, 4, and 5 and Tables I and II.

They concluded that a relationship between air vaid= and

permeability was found which agrees with previou= y.iork on

soils and other rnaterials. However, at higher asphalt

contents permeability is much more =ensitive to changes in

void trontent than at lower asphalt content=.

Hein and Schmidt (4) conducted a perrneabitit'y study in

whrc h they suggested that permeabi t i ty measurernen t_s arE

essenti,al to rout-ine mix design studies. They trenc luded aE

10
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Results of Tests on Bituminous Concrete
(from Mclaughlin and Goetz, 1955)

Vo As-
phalt

by
wt.
Mix

Compac-
tion

C''/o
Total in As-

8re-
gate

Permea-
bility, cmr

lt'.j

Vo Oris
E after

60
cycles
Freezelvoias
& Thaw

Indiana Grading

6
6
6
0
0
0
7
7
7

Hiih
Mediu

High
Medium
Irow

tn
Irow

Iow
High
Medium

7.2
8.2
9.0
4.6
6.0
7.0
2.6
2.8

4.0
4.3
8.2
4.2
3.6
2.8
{.0
8.9
3.{

1.6 x 10-rt
2.0 x lo-u
4.7 X l0-u
1.0 x lo-rt
{.E X l0-r,
3.1 X l0-[
l.? x l0'r.
7.5 X to-rr
{.4 X l0-r2

1{.5
18.4
17.2
14.0
17.3
18.0
t0.{
t7.l
!8. I

4.8
7.0
8.0
2.9
6.6
7.3
2.0
2,E
4.0

70
70
62
75
74
76
85
85
85

3.2
3.3
2.7
3.6
8.6
4.0
3.5
4.4
2.8

x
x
x
x
x
x
x
x
x

18.6
19.6
20.2
18. {
19.3
20.0
18.8
18.0
20.2

76
65
4l
78
69
67
80
78
79

4.2

Corpo of Eng. Gradiog

High
Medium

High
Medium

Irow

Low

Lrow

High
Medium

t7

TABLE II

l0-r0l
l0-r I

l0-r I

l0-rtl
l0-r0l
10-g I

l0-trl
lo-ul.
tO-rol

9.0
1.6
7.8
4.0
3.5
l.{
6.2
1.9
4.0

4
4
4
5
5
6
0
0
0

O.



HcLauqnlin and Goetz dici that

Pr-oportionai t-cr air voids for

and aspha I t cernen t con ten t .

the void con ten t of rni x tures

PrcPart-icna1 t-o pprrneabilrty

b'r' qradation.

is not necessarrly

when the variatron is caused

permeaor 1r t.7

a particular

Therr results

is drrectly

rni.x gradatj.on

rndicated that

Kari and san tucc i ( s ) exami-ned in-p I ace permeabi 1 i. ty

and permeability o{ cores removed from the pavement.

Therr relationship r.s illustrated in Fi.gure 5. For

laboratory spetri.mens (cores) the f low must be vert:_caL,

because air can on1'7 enter or exit through the bottorn or

top of the core. For pavement= t_ested in-p1ace, air tran

also pass IateraIly through the void =tructure.
In Eurnmary each previous researcher has concluded rn

one way or another that permeability and air void content

are related, but that rnany f actors in{ luence this

re 1 atronship. Furthermore, un 1 ike soi 1 where water is t_ne

binding ingredient (cohesion) asphalt concrete has asphalt

as the "g1ue" of the structure. Asphalt trement by it=el{

iE impermeable f or al l pratrtical pur-paseg, and j.n turn, t_he

permeability of an asphalt mixture is very dependent on tne
quantrtyr type, location and distribution of the a=pha1t

cement. Other var-iables inc lude type o{ aggregate,

agqregate gradation, and uni.t weight, as previously

18
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dr=cu:-sed. The type and number of vari.ables assocrated

wr th a=pha I t rni x t-ures st-rong 1y inhi br t= the f ormatron of

any k:.nc oi conEistency 1n de'eloping a reiationshrp

belr,veen Fermeabi 1i f-y and the aspha 1t rni:< variableg. on l y

qEner-t1 relatlcn=hip= and tr-endg can be obtained.
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CHAPTER I I I

FERi"IEAE i L I TY ELf U I PI"IEI.JT AND TEST I"lETHL-.}DE

The Crvi I Enqineerinq Depart_nent .:t the Universrt_v o*

r+rl';ansa= in Fayett=vi i ie r"',aE subcontracted to construct and

deveiatr ttre perrneabi L ity apparatuE to be used in this

=i-r-rd.r'. The twa apparatu= were an arr permeameter ( ASTr"l

D3537-84 ) and a wat-er perrneameter. A 1i=t o* parts,

- detailed drawings, and the test procedures for each

atrparatu= i= trresenl-Ed in the Appendices by For-cj and

I"lcl,rJ rliiams i1j.

Both the air and water permeabiity atrparetus were

designed for ea=y rnaintenance and repair. The simtrlicity

o* the equipment general Ly made for EaEy operation but in

turn caused two rnajor dif +icul ties.

1, Air is less viscous and theref ore lower pressrlrp=

could be uti I ized to f orce the air through r_he

Epecimens. However, {or low permeable a=phalt

mixes the air flow wa= very slow. Several minuteE

or even hours were required to obtain suf{icient

f low to measure. Changes in t_ernperature and baro-

metric pressure during this tirne f rame

significantly influenced the rate of flow and hence

t-he permeability. Te=t-= longer than about five (S)

mi.nut_e= were di=continued.

21



7. For the water perrnEabi i ty t-e= t , very hrgh p!,-eESurpE

wEre requi r-ed t-o gener-ate a f I or,v l_hrouen the

Epec j.men r esFecial iy when testi.ng 1ow permeabie

asphai t rnixEs with air voicjs less than f our < 4)

FercEnt, These high pressure5 usually caused tne

Farif +in :-Eai around the sEreciment to break. Onre

the seal wa' broken, the flow of water would then

be down the Eide of the spetrimen and the

perrneability results would not be valid, Asphalt

was also used in an e{fort to properly seaL the

spec irnens; however, this type o{ sea I was not

strong enough either, For this reason, the testi.ng

of specimens using the water perrneability apparatus

was discontinued and only the air perrneabiiitv

apparatus was used to perform field te=ts.

Field teEting was performed at four new construction

sites on both the binder and surface trourses. The field

test pattern was the same *or both the binder and =urface
courEes and involved testing at twenty-five (ZS) foot

intervals and in the outside wheelpath, insi$e wheeipar-h,

and between the wheelpaths.

The freld apparatus was rather bulky and requ:.red two

personE to move it from one test location to the next. The

{ieid plate was placed firmly on the pavement bv =etting

22



f our ten-pound weights on top oi f-he plate, Further

pressure was appiied br- the person taking notes standing on

the weights during testing. The tests began by determining

a target pressure and adjusting the fiow rate to ma:_ntarn

ihat pregsure. The flow of water waE measureo at defrned

i.ntervals and tj.med to get a precise {low rate. UsuaI ly.

three tests at different pressures hrere uEed at each

i ocetian t-o f crm a p 1ot rrf f I ow rate versus pressure. The

slope of this Iine was used to calculate the permeability.

Reading o{ the manorneter proved to be di{ficu}t since it

would sometirnes stick at certain pressures. The exact

rea5on5 for this are not known but may be related te kinl,;s

or tur-ns in the air line leading to the f ield cel l. Al=o,

the manorneter may vary a rneasurable arnount depending on the

amount o{ wind at the time of test. A windy day rnade field

testing extrernely di+f icu1t.

After the field tests were performed, coreE were taken

at the precise locations cores

were retrieved at each

cores Here taken to the

of These

testing and to determine

mixes.

laboratory for further permeabilrty

the characteristic= of the asphalt

of the field tests. Four

the construction sites.
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The test procedure f or the + ie 1d ai r perrneabi j : ty r_e-= t

is srmi lar- to that descrtbed f or the laboratory air

Fe!'-mEabrlrty test j.n Appendi;< A. The onl.y Erqnrfrcant

dr+{erence.t-= t-nat a twelve*inqh diarneter r_est plate tE

li=ed ].n f-ne {ielO instead of the labor-ator,-y test ce11.

This test plate hag a rubber pad which provides a seal

around the {our-inch di.ameter opening in the center or the

plate. To initiate the test, air is forced through the

four-inch openrnq and enter= the pavement structure. once

in the pavement, the air can f low vertical iy or lateral ly,

thus creating a three dimensiona] f1ow. For thiE reasonr

the author queEtions the basic a=sumption that the ci-o=-_-

sectional area of the air flow can be gaugecj by the

four-inch diameter of the test pIate. In contrast, the

]aberatory test rnethod only al lows air {1ows in a vertical

direction through the length of the core. Nevertheless,

the four-inch diarneter wa= utilized in analyzing the

permeability as recornrnendeci by the availatrle literatur-e.
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Lr r-, rLt\ a v

D ] SCUSS I,JN trF TEST RESLJLTS

Per'-meabi i i l-y of Arkansas A-=pha 1 t P! i;<es

The perineabr i i tie= oi vari.ous Arl.;ansa= aspha 1 t mi re=

came from tests conducted on Marshall mix specimens,

in-p I ace aspha I t Favernen t and trDres of the aspha 1 t

pavement. The results of these tests are contained in

Tables III and IV.

To better i 1 1u=trate these f indi.ngs, a general

distribution of the permeabilities frorn the various types

o{ asphalt rnixes was provided in Figure z. A1=o =hown .r-n

Figure 7 for tromparison purposes i.s the permeabiLrty and

drarnage of -=oils as determined by Lenards lZl . Tne

vary'ing widths of the area repreEentrng each type o{

asphal t mix indicate the number ot that type of rni;< f ound

in that particu I ar permeabi 1 i ty range. Thus {or exarnp I e,

the binder cour=es tested were found to have permeabilif_is5

which ranged {rom 1o-= to 1o-c' centimeters per =econd with

the greatest contrentration in the area of 1CJ-+ to lO-r

centimeters per second.

The overlapning o{ permeabilities - particularly the

binder and surface trour=es indicates that =orne binder=

25



TABLE I]I
Air Permeability

Field Versus Laboratory

SAI1PLE DENSITY AIR ASPHALT* FIELD AIR LAB AiR
NUNBER lbS/CUft VOiDS C;]NIENT PERNEAB]LITY PERNEABILITY

'/, ',/' SqCm SqCm

NLR

NLR

NLR

NLR
NLR

NLR
NLR
NLR

NLR
NLR

I\iLR

NLR

FAY
FAY
FAY
FAY
FAY
FAY
FAY
FAY
FAY
FAY
FAY
FAY
CON

CON

CON

CON

CON

CON

CON

CON

CON

CON

CON

CON

cAl'l
CAM

CAI.,1

CAH
CAIl
CAIl
CAI.l

CAM

CAH

CAM

CAM

CAM

1S

a5
3S
4S
JJ

5S
LB

EB

3B
4B
5B
5B
IS
2S
3S
r+S

crJJ

5S
1B

AB

3B
4B
5B
6B
tq

2S
3S
l+S

JJ

5S
1B
28
3B
4B
58.
6B
IS
es.
38".:;
U5"t 't'u I

5S
6S
1B

EB
3B
4B
5B
5B

140.4
t37.b

1r+0

139 .3

137.C
1q0. e
135.5
140.7

143.5
141 .8
141.1
141.1

1r+5. B
t47 .4
lLt/.J

145. 1

135.6
139. I
141.7

138.4
138

136.9
139 .9
140.3
137.8

143 5.5

7.1E-08
r.Jtr-vo
8.1E-08
4 .9E-08
E ir nnJ. ttr-\rtl
5.9E-08
I .3E-06
b.3E-07
5.4E-07
3. r+E-07

3.9E-07
1.3E-07
5.4E- i 0
4.5E-O9
l.5E-09
e. eE-08
5. aE-08
9.3E-09
5.3E-O8
1 .7E-08
I .5E-08
1 .7E-08
7.68-09
4 .5E-07
e.9E-08
8.5E-09
?,78-07
1.4E-08
7.8E-08
4.4E-08
a. eE-06
6.3E-06
4.0E-05
5.5E-05
7.8E-05
9.8E-05
1 .8E-08
5.8E-09
4.7E-09
a.5E-08
1.4E-08
5. aE-09
5.9E-08
1 .3E-08
e.9E-08
8.5E-08
5. aE-08
5.8E-08

6 C- rn7.Jtr-t{_/
1 .3E-09
a.5E-0e
4 .5E-09

7.ZE-O?

3 .08-0e
3 .5E-09
6.0E-09
5.4E-09

1.BE-10

3. aE-09

9.0E-1e
1.?E-O?

1 . eE-05
5.1E-07
2.6E-O8

6.3E-08
t.8E-0e

7
8.9
'72
7.8

10. I
8.3

11,E
I

4.7

J.J

4.5

q7
5'7
q?

5?
q1

4,b
Lra

c.6
4.b
4.b
4.6

5
5
q

5
5
5

4.4
q.4
4.q
4.4
4.4
q.4
5.8
E-J.c,
5.8
ed

5.8
5.8
ut

4.7
4.7
4.7
t+.7
q.7
q2
q2

5.e

J.E
-6J.C

4.e
t2
+.?
lr2

+.c
4.?

1e. 1

e?
8.e

7,9
B.a
8.9
8.1
7.8
9.4

* Asphalt Content taken frorn rnix design

LO

1 .3E-08

5
b.?
b.7
6.7
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ar-e i es= permeab i e than Eorne surf aces . However , f or eac h

construction prejEgl where both the binder and surface

courEeE hrere tested, the brnder waE always mcire permeabLe

tnan the rE=pective =urface.
Fieure 7 a I so provicieE some answer= to other quegt:.ons

an FE!-mEabi i rt.y, Reqarding the arnount o{ water which can

=afelv tra--S through the surface without harrning the mix,

Zube {I) suggested that "a tentative average water

permeabi i ity value not exceeding 1so ml per minute f ar,- a

5-inch diarneter area twhich equates to . t-riJ7 cm,/=ec I wi I 1

be Iow enough to prevent the entrance of ercessive moi=ture

in to the pavernen t f rorn the surf ace." Fi.gure T indicates

that all c{ the tested surfaces had trermeabilitj.es at this

leve1 or 1ower. Thus, based trn the availabie Iiteratur-e.

these surface trourses have a sufficiently 1ow permeability

to keep water inf i l tration to a rni.nimurn and to attempt to

construct surface trourses with a Iower perrneability would

possibiy lead to the introduction of other problemE,

Another concern of rnany people is whether the binder

can becorne a reservoi r 4or water. Thi.s potential problern

is rnagnified by the possibi.iity of weather-induced

interruptions in the construction Eequence which allsrws

rain to fa11 on an untrovered binder. As noted in Figure

7, the tested bi.nder courses appear to be just as permeable

10



Relationship of Permeabi 1 i.ty and AsphaI t Mix Variables

As Etated previously the relationships between

permeability and the various asphalt mix variables are

dif+icui t to establish. Furthermorer this investigatron

enceuntered an additional obstacle in that the testinq

atrparatu= did not provide a proper seal on the tested

specimens. This problem was rnore evident when testing

spEC imen-= wi th ai r voids l ess than f our ( 4 ) per cen t.

Nevertheless, the study's findings on air and water

permeabi 1 ity relative to the various asphal t rnix variables

are i.llustrated in Figures B through ls. As can be seenr

these findings arE inconclusive and no relat:.onship can be

establ ished.

30

a= the hot rni x -=ea I courses. For thrs reason r no one

shouid be srl!'-Fri=ed when an uncovered. rain-satur,-ateo

brnder,- later ghcrws evidense o* striFprn! or- other

moisture-reiated problerns when rt i.s not al lowed to dry

trraperiy Deiore the =urface trourEe tE applied.
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L.U!\jLLU= L t-J!\i=

l-nr= =tr-idy dernr:n=t-r-at-=C t-het th= trrer-mEabr- i et,v qi -i.spn.i.i -,

n-1-:lagE ,:an 5e rrree=ltred i-i=.inq E,-rtfi r.l*ter- end ai-t- a= -:1. +iow

,'nedi'*irn= iiE++E',,Er. b=Car_r=e =.i 'r--l1= =irnniiCrty ,_r* ti:e t_=Sr_inE

Eqi-ii=illEnti the trretri=ir.-rn sf t-he t=st= de':reases aE the

=ei-:r:e+hi- 
i i+.-'y qf t-t-'!E =amtrie Eletrr-=a5=-=. Fsr- =airrtr1e= with

Ber-rrreabi i i ti es E rea. ter than 1O-= Eilz , the permeabi i i tv

eptrar-r.tus =naurlri trrovide a trrEtri=.ion qf Ie=s t-han one r-.rr-de!- ,-ri

*Egn:-ti-rde. Test= an Lst+er perrneatrL= gar-ntr1es =hcltii he prrth:-n

i-wc. orCer= sf lnagnitr-rde. if reading= can be tai:en. The air-

pey-me-+br1:-ty apparatr-t= tra= rnr-tch ea=.i=r i-c r-i=e anci allu=ryed

permeabi-iitv rneasurrement= down to l{j-e trr12. The u-:f-er

trermeahiiit'-i, aFparatLl= Has not ahle to accurately te=t =arnple=

r.rith perrreabi i ities ies= than 1u-6 trrn=.

-tasgd LltrEn the re=Lllts ':f thi= prsject, the fnllor.ling

tron,: ir-t-qions arg drawn:

1. Permeabilities can be obtained such that a general

cornparison between vsriours a=ph-+1t rrixe= is achievecj.

-.-' . A range o{ permeabi. 1 i tre= {sr Arkansas aspha I t

=ur{ace and binder ctrurses has been ,neasurec . The

perrneabriif-y csefficrent cf =ur{ace tr$Ltrse= rangas

f rorn abourt 1,J-s to less tha-n 1O-? trrn/Estr r^rhrle tne

JI



trErrne-abi iir--y ,=i the bfnr:er r:gl1-5-=.gr= r-+nE== ir-,=n Li-i-z

t,f .ii:i-a':rT1,r=.==,

Hr===t-=ci= pEr:B=a*i iri_.; =i_Eii-:,=nr,j= =.i-= ir,=i_ g1-_ar_ed

her'-e. Howev=r-, ELaF+i':E r=,_-iLt!,-ses taL r_rj trEr-rT!=.:.b j- i i .r-i,

vaiii== =f i:::-a=*r''==a Br- Ii-=e'1-_e!,- ;,r= vi gr+eci -i.=.

Liri=.Li=trg=.=fiii a.t =rEu=nting the Lnr-rL1=.i,--r* af *ra+-Er-,

Fr-irther-rnorei bincer- trEur=es Hith trerineabiiities,=i

great_=r t_r.'ra.n 1ii-5 trm./=etr should bg vr.ewed iE

trc'i-Entrai r-e=.ervtri-rs ior uater,

Eecause of +-he remtrier naturre c{ asphair- concrete, a

t-hecr-eticei msdel con=idering frictinn betr+een t-he

f ior"r rnedir-rrn and the varicus tranEtituent-= ,=f a=phali-

=cnrrei-e in csnjr-rncti-sn with the prnhabiiitV nf vaid=

berng interconnecterl wt:r_rld perhaF= he a bette:-

al t-ernative in dei_errnining permeabi 1ity.

The variabi 1i ty ,=f trerrneahi i i ty rnE-isLr!-e!-nents tal:en

frem i-n-prace a=phalt ct:nqrete r=sults irsrn the f 1ew

rnedir:rn varying {rsm a ga= (water vaptrr} ta a liqr-rrd

and the ceveloErneni_ oi trr-_acl::s in the pa.rernent. Thr=.

inf arrnation, i+ availabie. wouilci give s hetter

insight tn the =igni{icance o{ Fermeabilir_y.

+
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APPENDIX A

AIR PFRMEASILITY
EQUIPMM{I AND
TEST I,IEtr{ODS

Reprinted from "Asphalt I"Llx permeability," by l[L11er c. Ford and
clark E. Mcwillj-ams at the unj.versity of Arkansas. Fayetteville,
Arkansas, 1988



The ati- Fei-r'nEainet-el- uti l tiE= e,:Dli=tan t Dr-EEEure

d:-f{erenl-ra1 al,trne wrf-h volurnetri= flow irleaEurements in

arder to rneasure the pei'-meabi i r tv oi a EDec imen . The

trLrnEtart pr-eEEur-p Lli++erential is ar:cornDiished bV. r'nanual

idJustment of f iow irom an elevated tank oi wal-er. Thr=

water a1=o EErveE aE a volurnetric rneasurernent of the amount

o{ {Iow, as ralibrated wrth a pipet. Pressure

dii+erentiais are rneasured wi.th a manometer and f low

mea=urernent= are read {rom the pipet.

The air trerrneameter oesj.gned for this project dr+fer=

*rorn the atrparatu:- f ound in ASTI"I Df,5f,7-84 ( 6 ) due ts

difficul. tie= encountered durrng its construction.

l"lod i { ications were necessary in order to improve and

trorretrt the design. A tromtrarison can be rnade between tht:-

project'= desi.gn and the ASTP1 D5637-84 perrneameter aS

presented be1ow, Ene problem as=ociated with 16s 6lgTi'-!

permearneter involves the Etreci{ied valves. The valve=

i isted are of different sizes and require ciifferent types

of connec tions. Thi.s wou 1d make the connetr tion:- between

the valves overly cumber=ome and ]enqthy. Thus, Eince the

smal lest orif ice was (1 .05? inche=r ErnBl ler valves were

suitable f or this apparatus. Additional ly, the laborator-y

ce i L waE a l tered tn be rnore compac t and l ess cumber=orne.
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iH- - I ;--^i --1 l
'l=orr_=rE!,_-ri tr9l--;:-l_=-l_= A+ a trlextq iaE-= CVl. rnder ri{i 1:.t-r a

ai'r arEa r-iner and e t:.ght=ninq rine.

c-,,.-* - l

-^l I --LL'I r5, t

other ai.ntrrr irlod r j ications i,\rer= a 1=o made.

The proce6ures described herein rnay be usEd to

ewa i ua l-_e r_i'1e FarrneaU:- i i t-i u-ri corntrar ted a:-Erha i r-_ ni..<i-_iri-e= ,

Tne :-cEaj. te=t c'-rnt1t-ron= are prerequr=ites ior the

reeuired iarninar fiow of e:,.r through the porous materraL

under constant head condrtions: continuity o+ flow with no

vclumE chanee durinq a tesi-, f low wrth the vorcj = iuiiy,

saturated with the air, flow in the steady state wrth no

changes in pre=Eure gradient, and direct proportronality o*

+1ow velacj.t'r with preEEure gradients below cer-tai.n val.ues.

Al l other tytreE er{ {Iow involving partial -aatu!-ation uri

ir'!r)4 r turbuient {iow, and un=teady state oi f low are

transrent in character and yield var-j.ab1e ancj

t rrne-dependen t permeani I i ty ,

Appa ra tus

Thr=

r:f up to

genera I

The

perrneameter i= capable of measuring airf low

5OOO ml . /min, at- 1ow-pre=sure dif {erentral=.

Iayout of the permeameter L= ghown j.n Fi.gure

Pregsure Cantrol Devire i= made with a water

Tne

14.

r-eservoir'- of a capacity pf ;(:JaJO m1.. two cylinder= (one

havrng a capacity o{ S(-J(l mI. and t-he other- wrth a capacity

oi 1a-rO(-J mI.), a rubber pres=urE buLb, valveE. and

cai ibr-ai-ed =ight tube= ( pipet-s ) .
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T h- c t - r i ^- - * ,, ivl-F-a-r-'. i- --'i;l ^'t -F+.;-_'^-t,^^;1- =uI r! ! L,ld=LiL-.1-riL i Illerlj

5t-yLe, wj.th a ranqE f rorn U. iL.t to 7.(l inches of water and

caiiDr-e1--ed to t:,trl inch of wate!,- i?,-q Pa),

lie Laboratory f,e11 :.= made of a traiyinethyi

rnetl'iacrYiate cylinder i.(-r incheE 1onq, wrth an inside

drarneter o{ 5 inche= and a waI I thickness o{ | /z inch. lne

end of the cylinder is closed by a l/2 inch machined top

plate with two l/4 inch copper fittinqs screwed to the top

plate. A l/? inch thick polymethyl methacrylate retainer

co1lar is frtted into the cylinder 2 inches {rom the closed

end. The inside drarneter of the retainer col Iar- is f

i.nche=. The ring is g lued f irmly and air-tight to the

cylinder wa11. The cylinder is threaded appraxirnately 6

inches from the open end.

A Stoo Natc h is needed wi th

m i nu tes g radua ted to tl . I

srnaller than 1.O x IO-12

a rnin irnum range of 5

If permeabiiity issecond.

cm./ sec., a stop watch of larger

range may be

Preoaration

requi red .

o{ Aooaratus

Fi1 lino Reservoir (See Figure 14):

i . c lose al l valves and remove cap f rorn {i i ler neck

located at the top of the apparatu=;

2. position *2 for exhaust and oFen *4;

A-4



f,. s1or,vi.r, i:. i i 2,;)u(.) rni . re=ervoir r,ri th de-aired

disti 11ed r.vater via the *:. i Ler- neck;

4. close #4 and replace cap on fiiier neck.

iibrat-eil voiumetric Cy i :"nders:

i. Select- aErFr,-crpriate cviinder (i.e, ! Llse iOr:l(j rnl.

volumetr j.c cyl inder f or pavements wrth hrgh

per,reabi i i ty and 500 m l. vo l umetrrc cy I l.nder lor

pavernents with Iow permeabi I ity ) ;

?. fi 1 1 the cal rbrated volumetric cy1 inder by

positioning *2 to "buLb" and *7 for approprrate

cylincjert open *6, open *3 (when using lOtlO mI.

cylinder) or *1 (when using 5OO m1. cylinder);

3. squeeze rubber bulb to pump air into t_he water

reservoir which will force water {rom the

reservoir into the appropriate caI ibrated

vo l urnetric cy I inder ;

4. ance the appropriate cyl inder is f u11 E lose *S er-

*1, as applicable, and #5;

5. position *7 to exhaust in order to purge e;{ceE=

air pressLtre in water reservoir;

6. posi tion *2 to " pressure port,' .

Cnnnec ion of rubber tube

1. {or pressurE system connect one of the two rubber

tubes from the cel1 to the pressure port and the

other t-o the manometer pre==,ure Erar-t;

A-5



7, ior vacuufl-r :-y=teri'r ronnetr t ane ai tne l_wo rubber

1:ubes +rarr the cei L tc the vatruurn Elcrt and tne

ctr\er to the manosreter var:uLtrn port. The apDaraLu:-

i= noL! reas.v- iot'- the te=t to be perf oi-med,

F.epara i--ion ni ia heral:o!-y Spec imen

To prepare a =petr imen ior the t-est :

l. cjecrumb spetrimen and measure herght;

?. di=assemble j.nverted test ce11 and coat specimen

contact areas (i.e., retaj.ner coIIar and aree

ring ) wi th high vacuurn grease;

f,. sl rp the latex rnembrane over the specimen and

leave ends extended dpproximately one inch, fold

mernbrane ertension back over itself and dawn the

side o* the spetr irnen l eaving a mernbrane r-ine ( top

and bottom) srnal ler than the inside diarneter hol.e=

of the test cel i and area rrng;

4. center membraned specimen on the vacuurn greased

retainer co1lar as it i.s placed in the te=t cel. j.,

f ol1ow with the vacuurn grease area ring;

5. screw tightening ring into end of ce11 wj.th the

tightening keyr turn the tightening ring to apply
preEsure on the sarnple unti] some sealinq compound

is squeezed out f rorn the inside of the area ring,

A-6



al iow Eorne trrne f r:r the pia=trc CeS'rrmatron c{ the

=eal inq trornpound and rnake a irnai t:-ght-en1nq;

b. piace the cel L r-rpright trn an open grLd to ai low

iree trd=-=aee a{ air;

7 . L aborai-tr!-y tesl i= now readrr, to be periorrned .

n c{ Appar-atu=ic:

'l

P4qs5i.rre Sy=tem Ctreratron (See Frgure 14 and 15:

ciose ail valves;

connect rubber tubes as described in "Preparatron

of Apparatus" tor the pressure system;

leve1 rnanornef-er by loo=ening t-hE mancmet-er hand

--tr rews on ei ther side of r t- and observing the

leveI bubble on totr of the rnanometer;

set- manometer at- zero readrng b'v- =l iding t_he =ca1e
un t-i L the zero r-ead ing coinc ides wi th the L e.ze L of

tne manorneter f luid;

trosition *2 to "preEELlre port", po=itir:n *7 i-o

appropriate cy l i.nder, open *f, or * 1 = 1ow 1y and

continuously adju=t so that ronsf-ant pressure i.s

read on the manometer at ai1 tirne=i

check for steady-state condition-- by taking

Eeveral flow rate measurements u=ing sufficient

per-iods of time and flow readrng for preci=e

*^-,,1 $- .I g=U I L> t

2

4

6
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Reservoi r Fi'll

CO

cy
m I

I
10

500 ml
cyl .

E xhaus

o

Val ve

Pressure
Port

Di rectional

@

2000 ml Reservoir Tank

acuum rt

o

Reservoir Drain Valve

Reservoir Drain
Sca e

Fi gure 15. Ai r Permeameter - Rear El evati on
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E

whEn a :-tesdY--5tate candit-:-on IS ==taDi :-snEG

record Fressure reading snd several flOw rate

rneasurernen ts r ratrord ai r tempera tur-e;

repeat thr= trrocess at ieast three trmes at

d i f ier-en t pr-e=Eure read ing=;

cio=e *3 or *1.

r- - : 
-. 

I - t : 
-^-t-d 1 L u I d r- f ur I =

The air

5

permeabiiity (Ka) can be expressed as derived

Law on the {1ow o{ {luids through a porousfrorn Darcy

medium a5 fol lows:

l';.a = (GuL)/(Apt)

where:

Ka = permeabi 1i t-y.

E = volume o+ air

,.Er] i! LU r

sq . crn.

icrced { ot- drawn ) throt-tgh

L

u

H

P

the sampler tru. trm.

= thickne== o{ =arnple. trm.

= viscosity of air, Pa. 5.

= area o{ samp I e , -aq . Cfil .

= pressure in the cel1 as measured with

the rnanometer, Pa.

= time required for water 1e'reI to drop

f rom one mar'-k on the 51i-e t-ube to

another r =.

t
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So that i.{ can be correc ted f or a !-ef erence

temperature, the DermBabi.iil-y- measured ar- a nai-ti=uLar

temperature rnust be reduced to that of a referense

iemperatui-e by use oi the f cl lowinq equatron:

K(tr,-) = F.(t) u(t_)./u{tr)

where the subscript tr indicates a reference temperature

and the -.ubscript t indicates the test temperature. For

-.tanci ardization, l"l. at ?(l C i= r-e=ornrnended,

A-10



APPMIDIX B

WATM PERMEAs]L]TY
EQUIPMEM AND
TEST MEtrIODS

R.eprinted from "Asphalt }tix Permeability," by }tiller C. Ford and
Clark E. Mcllillj-ams at the University of Arkansas, Fayetteville,
Arkansas, 1988



The ci esi"gn of l-ne water permeameter h,as deve i otreo

f oi Icrwinq an extenEive iiteratur-e review ,f + the many

di++erent air and water perrneameter5. Lrke the air

permeameter digcussed above, this apparatus utilize= a

cDnEtant- pi-E---EUrE dii{ers1 ii61 with volurnetrrc fiow

i'neaEurernen ts to rneasurp the permeabi 1r ty of a spetr imen .

Tne tronEtan*L pressure is achieved and rnaintained through

the use of an air trreEEure regulator. Pregsure

di{ferent-ia1s are rnonitored from a gage. pressurized by

the regulator, water {lows through the specimen and is

ca 1 l ec 1:ed in a U-=haped buret where i t is rnea=ured .

Knowing the pressure differential and the flow

measurements, the perrneabiiity can be calculated.

Problem= associated with this aptraratus include the

prEEsure gage. In order to achieve the correct pressure at

the top of the specimen, thirty-six inches of water

pre=Eure rnust be subtracted {rom the actual gage reading,

But to avoid such a trorrection and to increase the

precision of the results, the slope of the flow rate versug

preEsure differential curve is used in the calculations,

This calculation procedure was recommended by Kumar and

Goetz (7) .
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The FrEtreiui-e de-ic r,-r bed in Append:- x B rnay be useci to

eva l ua te the per-meabr i i ty of a=pha i t mi >r tures . The

following ideal test conditrons are prerequisites for the

laminar flow of water through porous material under

constant head condrtion=: continuity of {1ow with no

r.'r=luine chanqe dur-i.ng a test; f low with the voici s {uI1y

=aturated wrth the water; flow in the steady state wrth no

changes in pressure gradient; and direct proportionalLty o+

veiecity of f 1ow with pressure gradients below certain

values, at which turbulent flow starts. AII other types of

f low involving partiai saturation of mix, turbulent f low,

and unsteady state of flow are transrent in character and

yield variable and time-dependent permeabilitv.

Aooa r a tus

This permeameter j.s capable of

d i { f eren i-ia 1 preEEureE utr to 1t:l tr. =
of the atrtraratu= is shown in Figure

fo1 lows:

a) Pressure Regulator

fneasur l_ng

.1 . The gsneraI layoui-

lb and a 1 ist of parts

prEssure rangE

estab I ish pressure5'l.r

output

u=ed tofrom 0 to 50 p.

differential,

b) Water Trap to

regulator,

protect the pressure
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Pressure
I i nder

Vacuun Supply

Spec i men\

Test Cel l

II

50ml

Piston\-

00

ir
Compressed
Ai r Supply

gulator

1,la ter
Trap -

P essure/
Vacuum
Ga ge

50ml

\-/
Flow

I'lea s u re
Burets De-a i red

l,Iater Supplym-lt- 6" 

-1Scale

F'igure L5" w-ater Permeameter - General Elevation Layout

Air

lla te r
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B-4

c ) Compounci Gaqe capable D+ rneasurrnq pressurE

irom tlt to 5Lr p.-=.1, and vatruuo f rom (l to .f O inches

of rnei-cury,

d) Pressurrzed Plexrglass Reservoir - capacj.ty of JSOO

m1. and aluminurn plate l_nter{ace ( piston ) in or-der

lo protect the de-aired water frsm exposure to air,

e) Plexrglass Laboratory Eeii with a threaded

cylinder 4 3/4 in. I.D. and 5 L/2 in. O.D.),

aluminurn mounting plates (5 in. X 6 in.) with

recessed O-rings, mounting bolts, spatrer rings (3

Li/7 in. I.D. and 4 3,/4 O.D. and ll? in. t_hirk),

aluminurn tightening ring (3 l/? in. I.D. and4 J/4

in. D.D. and L/2 in. thick), anci aluminum

t-ightening key iH-shaped made o{ LlZ in. x Li? in.

flat bars with two pins to fit the tightening ring,

f ) Cal ibrated U-tube Euret - I(iO inl . capacir_y to

rnEasr-lre outf l ow rate,

g) Assorted on-off and 3-way bal] valves with

necessary pipe fitting= and connections,

hl Therrnorneters rnertrury t_ype wit_h a ranEe f rom 4A to

IOO degrees F and a sensiti.vity of O.S degrees F,

and

i) Stop t.iatch - with a ranEe of S minutes and 0.I

second graduations.



HL] U.3T d LUb L-l--Efat-iOn

Dperal-ron r:f tne water permeamel-er inc Ludeg +L i i 1ng

i--ne raservoir, prEtraring i-ne te=t Epetrrmen, and vatrr_rum

=aturation o{ r.he sample.

Fi 1i in o Reservoir Cvlrnder (See Frgure L7 end iE::
,]

2

c1r3se aiI valvesI

conner:i- de-arr-ed

t-s *5;

open *6, #5, and

water supply

t-

*2;

"vacuum" and pbserve pi=ton ln

upward whi 1e di'-awine wai-er ir-cm

the supp I y;

ontre tank i.s f uI I , tr lose *2, #5,

*b, and #1;

dissipate vatruum still in tank by turning #,1 lo

" pre=EurE" and l ist-en unt-i 1 =ound f rom air

rEgulator quit=, (Not-e: Air regulator inu=t not_ be

in aervice in order to di=sipate vacuum.)y

c lose #1 .

Preoa r ino Test Specimen in Test Cel 1 (See Figure 19 ) t

sIr:w1y turn +1

c,lLinder rnrving

5

L

7

I

?

decrumb specimen

di--a=sembie t-e=t

measure height;

and rneasure d iarneter

( i. e. those that wi 1 I

and

ce11 of t-he

con tac tprimary spatrer r-ings

f-he spetrimen) I
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Pressure
RegulatorI l,later Trap

Comoressed
l.later Li ne

Saturatjon/Vacuum/
Test Line

o

Vacuum Line

@

Pressure/Vacuum
Gage

@

o @

Saturation/
De-a i red
llater Supply

Vacuum Lin

m
l_ ?'\

Scale

Fi gure L7. tlater Perrneameter - Control Mani fol d

o

I

l()l.-J\)

H

H

H
E

[E
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Compres sed
Air

De-a i red
l,Ia ter

a
H

HH

Pisto

O
Va uum

Pressu

o7r77T-l
l- 2'-l

Scale

F'igure i-8. I.Iater Permeameter - Water Reserv'ior
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Saturation/Vacuurn Li ne

Saturation/Vacuurn Li ne

r- l"-1
Scale

Fi gure 79 . l.later Permeameter - Laboratory Test Cel I
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+

ccat =Fer: i.len ctn ta.c t areas ai tne primary EFarei-

r-inqE wr th hrqn vaf uLrfn nr=-==,

assemble test cei L in f oJ. iowrng oi-der

a) begin r,.rith bnt-torn plat-e.

b i Flace a Euf f icient nurnber oi botl_crn -=tratrei-

rings on the botto.m plate so that the specrmen

wi i I be above the bott_om of the threads wr thrn

the ce11,

c) place cylinder on bottom plate and press

vertical iy until it =eat= into t_he plaf_s,

d ) place sFecirnen in the cyl inder and center its

posi tion ,

e ) pour hot para{f in around Earnple unti I it {orms

a meniscu= arsund the top of the sarnple (Note:

Shrinkage due to the cooling of paraffrn

increases wjth the temperature u=ed {or

meI t-inq. Also f or- te=t pef er-med by AHTD r

asphalt cement was used in place of paraffin in

the top I inch of the seal. ),

+ ) inEert top primar.T Epar=er I

g) Etrrew tightening ring just snug on top of

9patrer,

h ) in=ta1 1 tep plate and Eetrure with nut-=;
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-ci. ajiaw te=t ceji to cac] i5 min,t

.5, t-est i= i.ltrw r-earjy t-n tre aer-f orrned.

vacuum 5al-ur-ation of Sarntrie { See Figur-e:- 17 , iB, an.,l

I cioEe aIi vaive=;

with specimen ronnected to apparatus rlpen #7, #5,

and *4, turn to "saturate", open #3

proceed to evacuate air {rom sy=tem and spetrimen

for 15 min.;

trlo=e *4 and *5;

slowly open *5 and allow de-aired water to enter

through bottom of sarnple, observe water ]eve1 as

it fil1s test ce11 (ljote: If de-aired water,- has

di++rculty f iowing through specirnen, =lowly open

*5 and allow de-aired water atrtress to top cf

--pecirnen. ) I

Dntre de-aired water is on both sides of Epecimen

close *5 and *5;

open *4 and resrJme vacuurn f or itt rnin. ;

close #4 and *7, open *5, and slowl'r open *6 to

al low de-a j.red water access to the top o{ the

Epetrimen, thu= filling voids remaining in the line

open *7 in order to dissipate al l vatruurn lef t

within the sy=ternl

.)

4

q

L

-,

B
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Saturation/Vacuum/Test Li ne

est Sat.

iZ,r^rrur. Li neSatura

0

50ml 50ml

Burets

S topcocks

l- s" ,l
Scale

Fi gure 20. Water Permeameter - Fl ow Measuri ng Burets

0
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10

1l

trlose #7i

t-urn SE to te=t:

test rE now ready

L?t te=t is ntrw ready to

to be performed.

(See Figure= 17, 18, and 21-t):

11

1

)

Permeame ter Eperatron

loosen aii valves;

open *2, #3, *5, turn #8 to "test", and turn *1

"pressure" I

adjust pressure regulator to eome appropriate

constant reading as observed at the pressure gage;

as water begi.ns to col lect in the buret, occasional

purging via t-he stopcotrk may be required rn order

to continue the test;

check for steady-state conditions by taking

severa I f 1ow rate measurernen ts I

when a steady-state condition is establi=hed recorci

pressure reading on diai gage and several flow rate

meaEurernen tE i

repeat above protress three timeg at di{ferent

pressure readings;

adjust pre=Eure rEgulator to zero when test is

completed;

close *2, *3, and *5.

3

4

q

L

B

o
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'--i-,,'l -+{^--Laiuuaoqrull=
.

l-he water permeabi 1i tv ( l.iw ) can be e)<pres=ed as

of iluid= thriirlg11 tderived from Darcy's 1aw on the flow

porous mecjium a5 foIlowg:

l'iw = (GuL)/(*D+-)

where:

/Ea-t -i\ LLI . / ,

f.;. = permeabriit_yt 3e. trrn.

l1 = volume o+ wai-er- {orced through t_he

sarnp 1e, tru. trrn.

L = thic kneEs of sarnp i e , trm ,

u = vi=cosity o+ water, Pa. E.

A = area of sarnp I e, 5q . trm.

p = pressure in the cei 1 as meaEurEd with

the manometer, Pa.

t - f-ime required for water- 1evel to drotr

f rorn one rnark on the site tube to

anotherr E.

So that l,i can be corrected for a reference

temperature, the permeabi 1i tv measured at a cert_ain

f-erntrerature mu=t be reduced t_o that qf a reference
'l--emperature by u=e o{ the {o11owing equation:

K(tr) = l,i(t) u(t)/u(tr)

r,.rhere the subscript tr indicateE a reference ternperature

and the =ub=cr:-pt t indicates the test temperature. For

=l--andardization, K at ?Q C iz recommended.
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